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DIAGONAL- ARRANGED QUADRATURE MRI 
RADIO FREQUENCY ARRAY COIL SYSTEM FOR 
THREE DIMENSIONAL PARALLEL IMAGING 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to and the benefit of the filing 
date of U.S. Provisional Application No. 60/441,359, filed on January 21, 2003 and 
which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to magnetic resonance 
imaging (MRI) systems and, more particularly, to radio-frequency (RF) coils in such 
systems. 

[0003] Magnetic Resonance Imaging (MRI) utilizes hydrogen 
nuclear spins of the water molecules in the human body, which are polarized by a 
strong, uniform, static magnetic field of a magnet (typically denoted as Bo - the main 
magnetic field in MRI physics). The magnetically polarized nuclear spins generate 
magnetic moments in the human body. The magnetic moments point in the direction 
of the main magnetic field in a steady state and produce no useful information if they 
are not disturbed by any excitation. 

[0004] The generation of nuclear magnetic resonance (NMR) signals 
for MRI data acquisition is accomplished by exciting the magnetic moments with a 
uniform radio-frequency (RF) magnetic field (typically referred to as the Bi field or 
the excitation field). The Bi field is produced in the imaging region of interest by an 
RF transmit coil that is driven by a computer-controlled RF transmitter with a power 
amplifier. During excitation, the nuclear spin system absorbs magnetic energy, and 
it's magnetic moments precess around the direction of the main magnetic field. After 
excitation, the precessing magnetic moments will go through a process of free 
induction decay (FID), releasing their absorbed energy and returning to a steady state. 
During FID, NMR signals are detected by the use of a receive RF coil that is placed in 
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the vicinity of the excited volume of the human body. The NMR signal is the 
secondary electrical voltage (or current) in the receive RF coil that has been induced 
by the precessing magnetic moments of the human tissue. The receive RF coil can be 
either the transmit coil itself or an independent receive-only RF coil. The NMR signal 
is used for producing MR images by using additional pulsed magnetic gradient fields 
that are generated by gradient coils integrated inside the main magnet system. The 
gradient fields are used to spatially encode the signals and selectively excite a specific 
volume of the human body. There are usually three sets of gradient coils in a standard 
MRI system that generate magnetic fields in the same direction of the main magnetic 
field and varying linearly in the imaging volume. 

[0005] In MRI, it is desirable for the excitation and reception to be 
spatially uniform in the imaging volume for better image uniformity. In a standard 
MRI system, the best excitation field homogeneity is usually obtained by using a 
"whole-body" volume RF coil for transmission. The "whole-body" transmit coil is 
the largest RF coil in the system. A large coil, however, produces lower signal-to- 
noise ratio (SNR or S/N) if it is also used for reception, mainly because of its greater 
distance from the signal-generating tissues being imaged. Because a high signal-to- 
noise ratio is the most desirable in MRI, special-purpose coils are used for reception to 
enhance the S/N ratio from the volume of interest. 

[0006] In practice, it is desirable for a well-designed specialty RF 
coil to have the following functional properties: high S/N ratio, good uniformity, high 
unloaded quality factor (Q) of the resonance circuit, and high ratio of the unloaded to 
loaded Q factors. In addition, the coil device must be mechanically designed to 
facilitate patient handling and comfort, and to provide a protective barrier between the 
patient and the RF electronics. Another way to increase the SNR is by quadrature 
reception. In this method, NMR signals are detected in two orthogonal directions, 
which are in the transverse plane or perpendicular to the main magnetic field. The 
two signals are detected by two independent individual coils that cover the same 
volume of interest. With quadrature reception, the SNR can be increased, for 
example, by up to yjl, over that of the individual linear coils. 



2 



Atty. Dkt. No. 148045NM 



[0007] A sensitivity encoding (SENSE) technique allows for 
reducing imaging time by increasing imaging speed. Using the SENSE technique, the 
spatial sensitivity information in the imaging space (i.e., the real space) provided by 
the coil elements of a multiple-coil array system can be used to substitute for the 
information provided by the encoding gradient in the k-space. By skipping some k- 
space lines, therefore saving imaging time, and using the spatial sensitivity 
information provided by each of the coil elements, an artifact-free full field of view 
(FOV) image may still be reconstructed. For example, by eliminating two-thirds of 
the k-space lines (i.e., by tripling the distance between two adjacent k-space lines), the 
imaging time can be reduced by about two-thirds. Tripling the distance between two 
adjacent k-space lines results in a reduction of the FOV in the imaging space to one- 
third of its original full FOV size. Therefore, the image intensity of each pixel inside 
the reduced FOV image will be the superposition of the image intensity of three pixels 
at three different locations in the full FOV image. Knowing the spatial sensitivity 
profile of each coil element of a multiple-coil array system (at least three coil elements 
are needed in this case) in the full FOV image and how the reduced FOV image is 
formed, the superimposed intensities can be separated for each pixel inside the 
reduced FOV image by solving a set of linear equations. Transferring the separated 
intensities of the three pixels back to their original locations and performing the same 
procedures for all the pixels inside the reduced FOV image, the original full FOV 
image can be reconstructed. 

[0008] In MRI, a torso RF coil is typically used to image the human 
torso region, for example, from the top of the liver to the iliac crest or the pelvic 
region and from the iliac crest to the pubic symphysis. Abdominal and pelvic imaging 
requires a torso coil to be able to provide good image uniformity in the axial direction 
(i.e., the transverse direction) as well as good SNR. Non-uniform images caused by 
the inhomogeneous signal sensitivity profile of a RF coil can lead to misdiagnosis of 
patients, for example, a high signal in the anterior abdomen region may be mistaken 
for an enhancing peritoneal tumor. A torso coil is often also used for cardiac imaging. 
For torso and cardiac SENSE imaging, the sensitivity encoding needs to be in both the 
left-right and anterior-posterior directions (i.e., the x and y directions). The capability 
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of performing SENSE imaging in the superior-inferior direction (i.e., the head-feet or 
the z-direction) is also desirable. 

[0009] Known coil arrangements, and specifically, a birdcage 
transmit and receive "whole-body" coil of many MRI scanners, can be used to image a 
patient's abdomen and pelvis with good image homogeneity. However, a major 
disadvantage of using a "whole-body" coil as a receive coil is that the SNR is too low. 
The low SNR of a "whole-body" coil is caused by a low filling factor and also by the 
noise/ unwanted signals from the tissue outside the region-of- interest (ROI). The 
filling factor of a RF coil is determined by the ratio of the volume of the sample (e.g., 
a human patient's body) being imaged to the effective imaging volume of the coil. 
The closer the filling factor of a RF coil to unity the better SNR of the coil. Usually, a 
"whole-body" coil has an effective imaging volume much larger than the volume of 
the body portion of a patient being imaged. Thus, a "whole-body" coil typically 
covers a much larger FOV (e.g., about 48 cm) than the body portion of interest to be 
imaged (e.g., 30 cm for the torso imaging). This causes the "whole-body" coil to 
couple to more noise and unwanted signals from the tissue outside the ROI and results 
in a lower SNR. In addition, a "whole-body" coil cannot be used for SENSE imaging. 

[0010] Known array coils also allow imaging of a large field-of-view 
(FOV) while maintaining the SNR characteristic of a small and conformal coil. For 
example, a four-element "C-shaped" adjustable volume array coil is known and that 
improves the SNR for volume imaging. The mechanical housing of the "C-shaped" 
volume array coil is divided into two parts: anterior and posterior. Electrically, the 
"C-shaped" volume array coil consists of four loop coils: three loop coils in the 
anterior housing and one loop coil in the posterior housing. Each loop coil is critically 
coupled to its adjacent coil or coils to minimize the inductive coupling between the 
two adjacent coils and hence to reduce the noise correlation caused by the "cross-talk" 
between them. However, the four-element "C-shaped" volume array coil cannot 
provide uniform coverage over the entire axial direction of the torso (i.e., the cross- 
section of the torso) because it covers only about one half (i.e., the body portion inside 
the "c-shaped" coil) of the area of the torso cross-section. 
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[0011] It is also known that the direction of the magnetic field 
generated by a butterfly coil (or saddle coil) can be perpendicular to that generated by 
a loop coil. Thus, by using a pair of butterfly and loop coils, quadrature detection of a 
magnetic resonant signal can be achieved. Coil quadrature RF coil systems using this 
arrangement, including quadrature RF coil systems for neck/c-spine imaging and 
peripheral vascular imaging are known. The neck/c-spine RF coils typically include 
two quadrature coil pairs that are placed on the anterior and posterior of the imaging 
volume (e.g., the neck), respectively. Each of the quadrature coil pairs is formed by a 
loop coil and a split loop coil and is symmetric about the middle line of the coil. In 
known peripheral vascular RF coils, three butterfly-loop quadrature pairs are 
provided. Each of the butterfly- loop quadrature pair includes a large butterfly coil and 
smaller loop coil positioned at the middle of the butterfly coil. The loop coils are 
placed under the patient and the flexible wings of the butterfly coils are wrapped 
around the patient. Because the flexible RF coil system is wrapped around the patient, 
its filling factor is optimized (i.e., close to unity). 

[0012] However, the quadrature neck/c-spine coil cannot perform 
effective SENSE imaging for the entire volume-of-interest (VOI), but only for the 
middle of the VOL Further, each of the coil elements of this neck/c-spine coil has 
left-right symmetry (i.e., symmetric about the middle line of the coil) and also cover 
more than one-half of the VOI such that the distinctiveness of the complex sensitivity 
of the coil elements is not sufficient (except for the middle of the VOI) to perform 
SENSE imaging, particularly in the left-right direction. The peripheral vascular 
flexible RF coil system provides a much higher signal at the posterior region of the 
torso than that at the anterior region because the main coil section (i.e., the loop coil 
and about one half the butterfly coil) is under the patient and only the wings of the 
large butterfly coil are wrapped around the patient to cover the anterior region. Thus, 
the signal homogeneity of this flexible coil system in the axial direction is not 
acceptable for body imaging. Therefore, use of the flexible coil system is limited, for 
example, used as a vascular coil. In addition, the coil elements of this flexible coil 
system also only have left-right symmetry and do not distribute in the anterior- 
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posterior direction. Thus, the flexible coil system cannot be used to perform SENSE 
imaging in both the left-right and anterior-posterior directions. 

[0013] Further, these know coil arrangements (e.g., four-element C C- 
shaped' coil, neck/c-spine coil, and peripheral vascular coil) are not dedicated SENSE 
coils. When used for SENSE imaging, these coils will generate higher geometrical 
noise (i.e., higher g- factor). Some known RF array coils are optimized for SENSE 
imaging of the torso and cardiac. For example, a known body coil includes four 
elliptic shaped loop elements: two on the flexible top and the other two at the bottom. 
There is no overlap between the adjacent coil elements. The "cross-talk" among the 
coil elements is minimized by using high input impedance preamplifiers. A known 
cardiac coil includes four rectangular coil elements, two on the top and the other two 
at the bottom, and two circular coil elements placed at the left and right, respectively. 
The two circular lateral coils are also tilted, for example, by 10°, for optimizing 
performance of SENSE imaging. High input impedance preamplifiers are used to 
reduce the inductive coupling among the coil elements having no overlap between 
adjacent coil elements. These optimized torso-SENSE and cardiac-SENSE coils, 
when being used for SENSE imaging, can provide a much lower geometrical noise 
than do the conventional torso and cardiac array coils. 

[0014] However, the torso-SENSE coil and cardiac-SENSE coil are 
two-dimensional (2D) SENSE coils because the elements of the coils are arranged in 
the x and y directions. Thus, these coils can only perform SENSE imaging in the left- 
right direction (x-direction) and the anterior-posterior direction (y-direction) but not in 
the head-feet direction (z-direction). In order to perform SENSE imaging in the z- 
direction, coil elements also have to be arranged in the z-direction. Coils, including 
torso-SENSE imaging coils are also known for sensitivity encoding in all three 
directions, for example, a torso array coil with eight QD-surface coils for parallel 
imaging and a cardiac-SENSE imaging array. The three-dimensional (3D) torso- 
SENSE coil includes eight quadrature coil pairs: four for the anterior section and the 
other four for the posterior section. Each quadrature coil pair is formed by one 
rectangular loop coil and one 8-figure coil. Two quadrature coil pairs are arranged in 
all the x, y, and z directions, which allows the coil to perform SENSE imaging in the 
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all three directions. This requires an eight channel imaging system for operation. The 
3D cardiac-SENSE coil includes eight linear loop coils with the inductive coupling 
between adjacent coil elements distributed in the x-direction minimized by using 
transformers. 

[0015] However, the torso-SENSE coil and the cardiac-SENSE coil 
do not operate satisfactorily as conventional RF coils because they have higher 
intrinsic noise (or lower intrinsic SNR). To achieve lower geometrical noise for 
SENSE imaging, a SENSE coil usually does not overlap the adjacent coil elements to 
critically decouple from each other, but uses high input (or low input) impedance 
preamplifiers to reduce the inductive coupling among the coil elements. This often 
results in insufficient isolation among the coil elements and hence higher intrinsic 
noise or lower intrinsic SNR. 

[0016] Further, when used as conventional coils, SENSE coils cause 
image inhomogeneity. To achieve a higher reduction factor for SENSE imaging, the 
distinctiveness of the complex sensitivity profile of each of the coil elements of a 
SENSE coil is important. The distinctiveness of the complex sensitivity profile of 
each coil element of a SENSE coil is usually achieved by using smaller coil elements 
because of the strong local sensitivity profile. When the 3D torso-SENSE coil and the 
3D cardiac-SENSE coil are used as conventional coils (e.g., for conventional imaging 
without intensity correction) image non-uniformity results. For these 3D SENSE 
coils, the anterior section needs to be far enough away from the posterior section to 
enable the coil elements of the two sections to isolate from each other. This can result 
in shading in the middle of the axial images obtained using these SENSE coils. 

[0017] Thus, these known coil arrangements are configured such that 
limited discrimination between field patterns from the separate coil elements is 
provided. Therefore, when performing 3D parallel imaging, a separate channel is 
required for receiving signals from each of the coil elements, thus limiting the types of 
MRI systems capable of performing the 3D parallel imaging. 
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BRIEF DESCRIPTION OF THE INVENTION 

[0018] In one exemplary embodiment, a coil for a medical imaging 
system is provided. The coil includes a first section and a second section. The first 
and second sections form a loop and are configured in a diagonal arrangement. 

[0019] In another exemplary embodiment, a system for medical 
imaging is provided. The system includes a first coil configured in a diagonal 
arrangement and a second coil configured in a diagonal arrangement. The diagonal 
arrangement of the first coil is in a direction different than the diagonal arrangement 
of the second coil. 

[0020] In yet another exemplary embodiment, a method for medical 
imaging is provided. The method includes configuring a first coil in a diagonal 
arrangement and configuring a second coil in a diagonal arrangement. The diagonal 
arrangement of the first coil is in a direction different than the diagonal arrangement 
of the second coil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Figure 1 is a perspective view of a diagonal-arranged 
quadrature MRI RF array coil system in accordance with an exemplary embodiment of 
the present invention. 

[0022] Figure 2 is a schematic diagram of a diagonal-arranged 
quadrature MRI RF array coil system in accordance with an exemplary embodiment of 
the present invention. 

[0023] Figure 3 is a plan view of a diagonal-arranged loop coil of a 
diagonal-arranged quadrature MRI RF array coil system in accordance with an 
exemplary embodiment of the present invention. 

[0024] Figure 4 is a plan view of another diagonal-arranged loop coil 
of a diagonal-arranged quadrature MRI RF array coil system in accordance with an 
exemplary embodiment of the present invention. 
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[0025] Figure 5 is a plan view of a diagonal-arranged saddle coil of a 
diagonal -arranged quadrature MRI RF array coil system in accordance with an 
exemplary embodiment of the present invention. 

[0026] Figure 6 is a plan view of another diagonal -arranged saddle 
coil of a diagonal-arranged quadrature MRI RF array coil system in accordance with 
an exemplary embodiment of the present invention. 

[0027] Figure 7 is a plan view of a diagonal-arranged loop coil pair 
of a diagonal-arranged quadrature MRI RF array coil system in accordance with an 
exemplary embodiment of the present invention. 

[0028] Figure 8 is a plan view of a diagonal-arranged saddle coil pair 
of a diagonal-arranged quadrature MRI RF array coil system in accordance with an 
exemplary embodiment of the present invention. 

[0029] Figure 9 is a plan view of another diagonal-arranged coil of a 
diagonal-arranged quadrature MRI RF array coil system in accordance with an 
exemplary embodiment of the present invention. 

[0030] Figure 10 is a plan view of another diagonal-arranged coil of a 
diagonal -arranged quadrature MRI RF array coil system in accordance with an 
exemplary embodiment of the present invention. 

[0031] Figure 1 1 is a plan view of another diagonal-arranged coil of a 
diagonal-arranged quadrature MRI RF array coil system in accordance with an 
exemplary embodiment of the present invention. 

[0032] Figure 12 is a plan view of another diagonal-arranged coil of a 
diagonal-arranged quadrature MRI RF array coil system in accordance with an 
exemplary embodiment of the present invention. 

[0033] Figure 13 is a schematic diagram of another diagonal- 
arranged quadrature MRI RF array coil system in accordance with an exemplary 
embodiment of the present invention. 
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[0034] Figure 14 is a schematic diagram of another diagonal- 
arranged quadrature MRI RF array coil system in accordance with an exemplary 
embodiment of the present invention. 

[0035] Figure 15 is a perspective view of another diagonal-arranged 
quadrature MRI RF array coil system in accordance with an exemplary embodiment of 
the present invention. 

[0036] Figure 16 is a perspective view of another diagonal -arranged 
quadrature MRI RF array coil system in accordance with an exemplary embodiment of 
the present invention. 

[0037] Figure 17 is a perspective view of another diagonal-arranged 
quadrature MRI RF array coil system in accordance with an exemplary embodiment of 
the present invention. 

[0038] Figure 18 is a perspective view of another diagonal-arranged 
quadrature MRI RF array coil system in accordance with an exemplary embodiment of 
the present invention. 

[0039] Figure 19 is a perspective view of another diagonal-arranged 
quadrature MRI RF array coil system in accordance with an exemplary embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0040] Various exemplary embodiments of the present invention 
provide a multiple channel (e.g., multiple channels for use with multiple coil 
elements) RF array coil system that can be used as a conventional body coil and also 
as a SENSE coil in an MRI system. Sensitivity encoding in the three directions (i.e., 
x, y and z directions) is provided. Various exemplary embodiments also allow more 
than two coil elements to cover the same volume-of-interest (VOI) simultaneously to 
improve the SNR of the image. Coupling of adjacent coil elements to provide 
isolation without using high/low input impedance preamplifiers is also provided. 
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Imaging that is less affected by the positioning of patients (e.g., patients of different 
sizes and shapes) within coil elements is provided. 

[0041] Various exemplary embodiments of the present invention 
provide coil elements, which may be configured as coil arrays, for use in connection 
with MRI systems. In particular, a coil arrangement constructed according to one 
exemplary embodiment of the present invention is shown in Fig. 1. As shown therein, 
a diagonal-arranged quadrature MRI RF array coil system 2 generally includes two 
sections or portions: a flexible anterior coil section 3 and a flexible posterior coil 
section 4. The two flexible coil sections 3 and 4 may be wrapped around, for 
example, the torso/pelvis of a human patient to allow the array coil system 2 to 
conform to various body profiles of patients. Each of the flexible coil sections 3 and 4 
include four windows or openings 6 on both the anterior and posterior coils (also 
referred to as an open design). The inner surfaces 8 of both the flexible coil sections 3 
and 4 may be covered with pads for patient comfort. Further, the arms/wings 10 of 
the coil sections 3 and 4 may be molded with foam that makes the arms/wings 10 
more flexible, which, for example, adds to patient comfort. 

[0042] Fig. 2 illustrates an exemplary embodiment of a coil 
arrangement 12 (e.g., electrical coil arrangement) of the array coil system 2. The coil 
arrangement 12 generally includes eight linear coil elements: four loop coils, 
including loop coil one 17, loop coil two 18, loop coil three 25, and loop coil four 26 
and four saddle coils, including saddle coil one 13, saddle coil two 14, saddle coil 
three 21, and saddle coil four 22. It should be noted that different and/or additional 
types of coil elements may be used as desired or needed, including, but not limited to 
butterfly, A-shaped or other surface or volume coils. Each coil element forms one 
channel such that the array coil system 2 includes eight channels 15, 16, 19, 20, 23, 
24, 27 and 28. The coil arrangement 12 forms four quadrature pairs: quadrature pair 
one (formed by saddle coil one 13 and loop coil one 17) and quadrature pair two 
(saddle coil two 14 and loop coil two 18) for the anterior section 3; and quadrature 
pair three (saddle coil three 21 and loop coil three 25) and quadrature pair four (saddle 
coil four 22 and loop coil four 26) for the posterior section 4. 
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[0043] Each loop coil, as shown in an exemplary embodiment in Fig. 
3 for loop coil one 17 and in an exemplary embodiment in Fig. 4 for loop coil two 18, 
may be divided into three sections: an upper loop section (upper loop section 29 for 
loop coil one 17 and upper loop section 38 for loop coil two 18), a lower loop section 
(lower loop section 30 for loop coil one 1 7 and lower loop section 39 for loop coil two 
18) and a middle section (middle section 31 for loop coil one 17 and middle section 
40 for loop coil two 18). The upper, middle and lower sections of loop coil one 17 are 
arranged in a diagonal direction 61, as shown in Fig. 7, and the upper, middle and 
lower sections of loop coil two 18 are arranged in a diagonal direction 62. 

[0044] Similarly, each of the saddle coils, as shown in an exemplary 
embodiment in Fig. 5 for saddle coil one 1 3 and in an exemplary embodiment in Fig. 
6 for saddle coil two 14, also may be divided into three sections: an upper loop 
section (upper loop section 47 for saddle coil one 13 and upper loop section 54 for 
saddle coil two 14), a lower loop section (lower loop section 48 for saddle coil one 13 
and lower loop section 55 for saddle coil two 14) and a middle section (middle section 
49 for saddle coil one 13 and middle section 56 for saddle coil two 14). The upper, 
middle and lower sections of saddle coil one 13 are arranged in a diagonal direction 
76, as shown in Fig. 8, and the upper, middle and lower sections of saddle coil two 14 
are arranged in the a diagonal direction 77. The diagonal lines of the loop and saddle 
coils (i.e., diagonal directions 61 and 76 or 62 and 77), may or may not coincide with 
each other. 

[0045] The dimensions for the loop coil one 17 (i.e., the anterior coil) 
are defined in Fig. 3 as upper loop section x-dimension 32, middle loop section x- 
dimension 33, and lower loop section x-dimension 34; and upper loop section z- 
dimension 35, middle loop section z-dimension 36, and lower loop section z- 
dimension 37. The dimensions for loop coil two 18 (i.e., anterior coil) are defined in 
Fig. 4 as upper loop section x-dimension 41, middle loop section x-dimension 42 and 
lower loop section x-dimension 43; and upper loop section z-dimension 44, middle 
loop section z-dimension 45, and lower loop section z-dimension 46. The dimensions 
for saddle coil one 13 are defined in Fig. 5 as upper loop section x-dimension 50 and 
lower loop section x-dimension 51; and upper loop section z-dimension 52 and lower 
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loop section z-dimension 53. The dimensions for saddle coil two 14 are defined in 
Fig. 6 as upper loop section x-dimension 57 and lower loop section x-dimension 58; 
and upper loop section z-dimension 59 and lower loop section z-dimension 60. The 
length of each side of the composite coil of loop coil one 17 and loop coil two 18 is 
defined in Fig. 7 as lengths 64, 65 and 66 for the superior side, lengths 70, 71 and 72 
for the inferior side, lengths 73, 74 and 75 for the left side and lengths 67, 68 and 69 
for the right side. The length of the four sides of the composite coil of saddle coil one 
13 and saddle coil two 14 are defined in Fig. 8 as lengths 80, 81 and 82 for the 
superior side, lengths 86, 87 and 88 for the inferior side, lengths 89, 90 and 91 for the 
left side and lengths 83, 84 and 85 for the right side. 

[0046] For the array coil system 2, the method of minimizing the 
mutual inductance of the two adjacent loop coils, for example, loop coil one 17 and 
loop coil two 18 is different from the conventional manner of critical coupling of the 
two adjacent RF coils (e.g., by overlapping at the region of their edges). In various 
embodiments of the present invention, the two adjacent loop coils of the array coil 
system 2, for example, loop coil one 17 and loop coil two 18, are overlapped at the 
middle section 63 of the two coils as shown in Fig. 7. The coupling between the two 
adjacent saddle coils, for example, saddle coil one 13 and saddle coil two 14, is not as 
strong because the magnetic field created by each of the two saddle coils is closer to 
quadrature (i.e., perpendicular to each other). Thus, as shown in Fig. 8, overlapping 
occurs at sections 78 and 79 to achieve isolation between the two saddle coils. 

[0047] It should be noted that the isolation between the loop coils of 
the anterior and posterior sections and the isolation between the saddle coils of the 
anterior and posterior sections depends on numerous factors, including, but not 
limited to the load, for example, the patient body, between the two sections. It should 
further be noted that in operation, the loop coils are essentially decoupled from the 
saddle coils as a result of the quadrature nature of the magnetic field produced by 
these two kinds of coils. 

[0048] The inner edges of loop coil one 17 and loop coil two 18, 
along the z-direction, are separated by a gap 65 for the superior section and a gap 71 
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for the inferior section, except for the middle section, as shown in Fig. 7. Similarly, 
the inner edges of saddle coil one 13 and saddle coil two 14, along the z-direction, are 
also separated by a gap 81 for the superior section and gap 87 for the inferior section 
as shown in Fig. 8. In one exemplary embodiment, the gap is between about 0.5 cm 
and about 2.5 cm. 

[0049] The shape and the size of the upper and lower loop sections of 
each coil element of the present invention may be modified as desired or needed (e.g., 
based upon the operating characteristics of the MRI system). Figs. 9, 10, 11 and 12 
show other exemplary embodiments to illustrate different configurations of the loop 
sections. However, as should be appreciated others are possible. As shown, the two 
loop coils have a circular upper loop section (upper loop section 92 for loop coil one 
shown in Fig. 9 and upper loop section 95 for loop coil two shown in Fig. 10) and an 
elliptical lower loop section (elliptical lower loop section 93 for loop coil one and 
elliptical lower loop section 96 for loop coil two), having different shapes and sizes. 
The two saddle coils have an elliptic upper loop section (elliptic upper loop section 98 
for saddle coil one shown in Fig. 1 1 and elliptic upper loop section 101 for saddle coil 
two shown in Fig. 12) and a circular lower loop section (circular lower loop section 99 
for saddle coil one and circular lower loop section 102 for saddle coil two), having 
different shapes and sizes. Each of the loop coils also have middle sections 94, 97, 
100 and 103 as shown in Figs. 9, 10, 1 1 and 12, respectively. 

[0050] Merely for exemplary purposes, as shown in Fig. 13, the array 
coil system 2 has the dimensions defined therein for widths 105, 106, 107 and 108 in 
the x-direction and length 104 in the z-direction. In one exemplary embodiment that 
may be used, for example, for imaging the human torso or pelvis, the width 105 of the 
anterior saddle coils 13 and 14 is 62 centimeters (cm) and the width 106 of the 
anterior loop coils 17 and 18 is 38 cm. In this exemplary embodiment, the width 107 
of the posterior saddle coils 21 and 22 is 42 cm and the width 108 of the posterior 
loop coils 25 and 26 is 48 cm. The length 104 of the anterior coil section 3 and 
posterior coil section 4 is 33 cm. In another exemplary embodiment that may be used, 
for example, for cardiac imaging, the width and the length of the anterior coil section 
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are the same as those of the posterior coil section and equal to 35 cm for the widths 
105, 106, 107 and 108 and 21 cm for the length 104, respectively. 

[0051] The array coil system 2 may be implemented as an eight- 
channel system to be used in connection with an eight-channel MRI scanner. 
However, the array coil system 2 may be implemented as a four-channel system by 
combining some of the eight coil elements such that it may be used in connection with 
a four-channel MRI scanner. Figure 14 illustrates one exemplary embodiment for 
combining the eight coil elements into four output channels using a quadrature 
combiner (i.e., 90° combiner) for each quadrature pair. Specifically, combiners 109 
and 110 are used for the anterior coil section 3 and combiners 111 and 112 are used 
for the posterior coil section 4. Any suitable combiners may be used. Three- 
dimensional parallel imaging, for example, using four channels, thereby may be 
provided. 

[0052] It should be noted that the array coil system 2 is not limited to 
the embodiment shown in Fig. 1 . For example, the array coil system 2 also may be 
constructed on rigid formers of different shapes for imaging different parts of a human 
body. Figures 15 and 16 illustrate two exemplary embodiments of constructing the 
array coil system 2 on a cylindrical former for conventional and 3D SENSE imaging 
of a head, as shown in Fig 15 and a knee, as shown in Fig. 16, respectively. 

[0053] Further, and for example, the posterior quadrature array coil 
system 4 may be used to construct a three station 2D SENSE cervical-thoracic-lumbar 
spine coil as shown in Fig. 17. As another example, the array coil system 2 also may 
be used to construct a multiple station RF coil system, such as a two station torso- 
pelvis coil, as shown in Fig. 18, and a three station peripheral vascular coil, as shown 
in Fig. 19, to perform 3D SENSE imaging with multiple consecutive scans without 
repositioning the patient between two adjacent scans. 

[0054] The various embodiments of the present invention (e.g., 
flexible two-piece design) allows the array coil system 2 to accommodate various 
body profiles of patients. For example, and in one embodiment, the separate anterior- 
posterior, lightweight and open design make the array coil system 2 more user and 
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patient friendly. The separate anterior and posterior sections facilitate the patient 
entrance and exit of the array coil system 2 and also allow an individual (e.g., a 
technologist) to transport each section separately. Further, the weight of the array coil 
system 2 is light so that it reduces the load of an individual transporting (e.g., 
carrying) the array coil system 2. Additionally, the multiple-window design makes the 
array coil system 2 lighter and also may be less claustrophobic for patients. 

[0055] The filling factor of the array coil system 2 also is optimized 
(i.e., very close to unity). Therefore, the array coil system 2 provides improved SNR 
for both the torso/pelvis and cardiac imaging. 

[0056] The anterior loop coils are isolated from the posterior saddle 
coils due to their quadrature nature (i.e., the magnetic field generated by the loop coil 
is perpendicular to that generated by the saddle coil) and also the load (i.e., the body 
of a patient is between the anterior loop and posterior saddle coils) and vice versa for 
the isolation between the anterior saddle coils and the posterior loop coils. Because 
the array coil system 2 is wrapped around, for example, a human body, the loading 
isolation effect is quite significant. This reduces restriction on the need of positioning 
the anterior coils exactly symmetric over the posterior coils for the purpose of 
quadrature isolation. Even if the coil positioning is not exact, for example, due to a 
slight tilting of the anterior coil and/or non-symmetric shape of the cross-section of a 
patient body, the anterior coils are still isolated from the posterior coils and the array 
coil system 2 can still generate uniform images. Therefore, the array coil system 2 is 
more robust for the patient positioning (e.g., more user friendly). 

[0057] Further, the diagonal-arranged design as described herein 
makes SENSE imaging possible for all x, y and z directions. The various 
embodiments use both the magnitude and phase of the magnetic field generated by 
each coil element to create the distinctiveness for its complex sensitivity in all three 
directions or dimensions. The upper and lower loops of each coil element, for 
example, for SENSE imaging, function like two separated loop coils. The diagonal- 
arranged design allows the upper and lower loops of each coil element to be 
distributed along both the x and z directions in order to achieve SENSE imaging in 
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these two directions in the region where the two adjacent coil elements are separated 
by a gap. At the central region, the distinctiveness of the complex sensitivity of each 
coil element is mainly provided by the phase difference between the loop and saddle 
coils in both the x and z directions. The anterior and posterior two-piece design 
further distributes the coil elements in the y direction and enables SENSE imaging to 
be performed in this direction, however, the various embodiments are not limited to a 
two-piece design. Therefore, the array coil system 2 may provide a 3D SENSE coil. 

[0058] Additionally, overlapping, for example, loop coil one 17 and 
loop coil two 18 at their central region not only allows the two loop coils to be 
critically decoupled from each other, but also allows both of the loop coils to cover 
the central region at the same time. Similarly, the two saddle coils 13 and 14 can be 
critically decoupled from each other and at the same time used to cover the central 
region by overlapping the two anterior coil saddle coils 13 and 14 at the central 
region. Essentially, the central region is covered by all the eight coil elements of the 
array system 2 (i.e., four from the anterior section 3 and the other four from the 
posterior section 4). Therefore, the array coil system 2 can provide improved SNR at 
the central region. 

[0059] The wider anterior saddle coils 13 and 14 and posterior loop 
coils 25 and 27, as shown in Fig. 13, provide a uniform signal sensitivity profile over 
the entire cross-section of the volume being imaged. The wider anterior saddle coils 
13 and 14 and posterior loop coils 25 and 27 can overlap at the left and right sides of a 
human body to provide improved coverage at the left and right regions of the body 
and improved homogeneity of the axial image of the array coil system 2. 

[0060] Each of the coil elements of the array coil system 2 is isolated 
from its adjacent coil elements by critical coupling, quadrature isolation or loading 
isolation as described herein. There is no need to use low/high impedance 
preamplifiers to achieve the isolation between two coil elements of the array coil 
system 2. Preamplifiers may be used as a secondary method to further reduce the 
mutual inductance between coil elements of the array system 2. 
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[0061] By combining each quadrature pair using a quadrature 
combiner as described herein, an eight-element coil system can be implemented in 
connection with a four-channel coil system, as shown in Fig. 14, such that it can be 
used, for example, on a four-channel MRI scanner. This four-channel coil system has 
improved field homogeneity for the axial images. This four-channel coil system also 
can provide improved SNR and perform SENSE imaging in all three 
directions/dimensions like an eight-channel coil system. 

[0062] Therefore, the array coil system may operate similar to a 
conventional coil and a 3D SENSE coil, and may be used on either an eight-channel 
or four-channel MRI scanner. 

[0063] The diagonal-arranged coil elements of the array coil system 2 
also can be used to construct multiple-channel and multiple-station RF coil systems, 
for example, a two station torso-pelvis coil, a three station peripheral vascular coil, 
and/or a three station cervical-thoracic-lumbar spine coil. These multiple-channel and 
multiple-station RF coil systems perform 3D SENSE imaging with multiple 
consecutive scans without repositioning the patient between two adjacent scans. 

[0064] While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the claims. 
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